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INTRODUCTION 

There has be^n, of late, both a widespread and & popu- 
lar Interest In an extreme ly fascinating and comparatively 
slightly understood phenomenon called, for want of a better 
tern, catalysis. 


History 

This phenomenon, although at the present tine employed 
extensively in industries ranging from solid fat production 
from vegetable oils Hire cottonseed oil, to the manufacture 
of acetic acid from acetylene gas, reaches far back into 
history. For the ancients used eatalysts( enzymes which they 
called ” ferments'* ) in converting fruit Juices into wines. 
Moreover, the Arablans(l) are credited with the discovery of 
the catalytic process for making diethyl ether from alcohol 
by the use of sulfuric acid. 

In 1794 Bra* Fulhaae of London in a paper(2) on combus- 
tion pointed out the necessity of traces of water in order 
to bring about the union of carbon monoxide with oxygen. 


(1) Rldeal and Taylor: Catalysis in Theory and Practice, 
page 3. Macmillan and Co. 1919. 

(2) Fulhame: An Essay on Combustion. London. 1794. 


Kirchof(3) in 1811 appears to have made the flrct scientific 
observation of a cat lytic transformation by showing that 
mineral acids, in hot water solution, although themselves 
unaltered in the precence of starch, still change the starch 
into dextrin and eugar. Sir Humphrey Cavy(4) in 1817 ob- 
served the ability of a slightly heated platinum spiral to 
bring about the oxidation of hydrogen, carbon monoxide, or 
hydrocyanic acid. Henry(5), in an article published In 
1825, noted that at 170 degrees "carbonic oxide" and hydro- 
gen when mixed with each other in equal volumes and oxygen 
added sufficient to react with only one of them, in the 
presence of a platinum catalyst, reacted in the ratio of 
four to one; that is four-fifths of the oxygen combined 
with the" carbonic oxide" and only one-fifth with the hydro- 
gen. Cohere lner about this time was working on the combus- 
tion of hydrogen and oxygen mixtures in the presence of a 
cold platinum catalyst. Berzelius, in his "Treatise on 
Chemistry" ( 6) , discussed catalytic phenomena and named them 
in general, "catalytic", from the Greek words meaning 


(3) c abatler: Catalysis in Organic Chemistry, translated by 
E. Emmet Reid, page 1. Van Noetrand and Co. 1923. 

(4) Same as (3). 

(5) Phil, fiag.s 65; 269. 1825. 

(6) Berzelius: Trait© de Chemie: I; 110. 1845. 


"down'* and "I unloose”, Faraday(7) made a detailed Inquiry 
into ' the power of metals and other solids to Induce com- 
bination of gaseous bodies”. Other Investigators published 
data at various times between this and the year 1397, when 
Sabatier began his investigations in organic chemistry. 

Attempt? to Define Catalysts 

The origin of the term "catalyst" has been noted above. 
Ber7.elius( 8) In 1835 said, in part,”... catalytic power 
appears to consist essentially in the fact that substances 
are able to set Into activity affinities which are dormant 

at this particular temperature by their pr- e*nc« 

alone.” 0stwald(9) defined a catalyst as "a substance which 
change the velocity of a given chemical reaction without 
aodiflcat on of the energy factors of the reaction.” Saba- 
tler(10) defines catalysis as "the mechanism by virtue of 
which certain chemical reactions are caused, or accelerated, 
by substances which do not appear to take any part in the 
reactions.” The view of the "increase In concentration of 
the reacting component" is brought out In r telglits' work. 


(7) Phil. Trans.* 114 ; 55. 1834. 

(8) Steele; Physical Chemistry and Biophysics: page 314. 
Chapman and Hall, London. 1928. 

(9) See (1) page 12. 

(10) See (3) page 1. 




Klfl extensive studies on the rate of hydrolysis of imido 
esters In the presence of highly ionized acids a 0 catalysts 
eeea to support this theory(ll). There has been a state- 
ment raade(12), "A catalyst modifies the velocities of two 
inverse reactions to the same degree and therefore cannot 
affect the final state of equilibrium” . Further(12), m k 
catalytic agent is Incapable of starting a re ctl n; it can 
only modify the velocity of a reaction already taking place” 

Kind of Reactions Subject to Catalytic Action 

Chemical reactions may, in general, be divided into 
two clases, namely, lonlc(or instantaneous) and slow. 

The reactions of the latter type are for the most part 
catalytic in character( 13) . Thus catalytic stu lee are 
concerned with slow reactions,— ones apparently already 
taking place to some extent, the object being, of course^ 
to epe d up the re ctlone so that equilibrium c nditlone 
are reached In a shorter time. 

Classes of Catalysts 

Catalysis *>ay be divided Into two general classes. 


pp. 32,35. Chemical Catalogue 


(11) Falk: Catalytic Action: 

Co., Inc. 1922. 

(12) H. . Taylor: A Treatise on Physical Chemistry; Vol. II 
page 913. D. Van Ncetrand Co. 1925. 

(13) See (13) II; 3c5. 
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homogeneous and heterogeneous. In the rormer case, the 
catalyst and the reacting system are lntl ately mixed, being 
all In one phase. In the lat er case, the catalyst Is pres- 
ent in one phase( usually the solid) and the reacting cycte* 
In one or more other phases. 

Comron type substances which may act as catalysts are 

(14), carriers, contact agents, hydrogen or hydroxyl lone, 
enzymes, and water. 

Concepts of Catalytic Action 

There are varying concepts to explain the mechanism of 
catalytic action. Falk(15) notes that the formation of in- 
termediate compounds appears to offer the moet general ex- 
planation of the manner In which a catalyst works. Sabatier 
(16) probably has done the nost to develop the concept of 
intermediate compound formation. In general, the mechanism 
may be summarized In the following way. In the reaction: 
plus b B £l25il C c plus d D, 

If A ordinarily unites with B slowly, the Intervention of 
the proper catalyst enables the reaction to proceed more 


(14) Noyes and Cherrlll: Chemical Principles: 140-143. 
Macmillan Co. 1926. 

(15) See (11) 33 and following. 

(16) Cee (3) page 48. 
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rapidly In the following ways 

4 plus catalyst ££*2IlX Catalyst-A (Intermediate compound), 
Cataiyet-A plus B A-B plue catalyst. 

This formation of Intermediate compound* ie used to ex- 
plain the catalytic action of carrier*. 

The mechanism of the action of cont ct agent*(17) in 
catalysis 1* little understood, but several explanations 
arc advanced* They may be substances In the surface layer 
of which gases are adsorbed either in the gaseous or liquid 
state in such concentration that the reaction between them 
will be accelerated. It may be that the particular cafcal st 
has in its surface, structures which hold reacting molecules 
in their most vulnerable positions. Another viewpoint is 
that intermediate compounds are formed on the surface of 
the cotalyet. Still another idea is that contact agents 
are active only in spots on their surfaces, and that these 
spots may perhaps hold reacting molecules in Tore or less 
a stretched condition( 13) so that this distortion or strain 
will allow them to break at un ,T p*cted points when other 
reacting molecules strike them. 


(17) See UM page 1*2. 

(13) Taylor, H. Journal of P. yslcal Che®.: 32* 1621. 

1923. Also Report of Committee on Contact Catalysis: 
Same Journal: 1601 and following. 


A. familiar example of the cat* ytic activity of either 
hydrogen or hydroxyl lone is that of the saponification of 
esters by either an acid or a base. It is moot probable 
that such reactions involve some intermediate compound 
formtion. Perhaps these lone are to be claerlfled only as 
assisting In Intermediate compound formation* Bronsted(19) 
has pointed out the existence of hydrated ions. These 
hydrated ions may be Increasingly active due to th* pro* 
■oter effect of water present* 

The mechanism of enryme catalysis is still largely a 
matter of conjecture and that of the catalytic properties 
of water probably can be traced toward inter ed late com- 
pound formation. 

Autocatalysle involves a state of affairs in which 
some material produced in the process acts as a promoting 
or catalyzing material for the desired reaction* 

Just as some catalysts speed a reaction toward equil- 
ibrium* so others retard the attainment of equilibrium. 
These substances are termed negative catalysts* 


(19) Broneted, J. Jt.: \cid and Basic Catalysis: Chemical 
Reviews: V; 3; 231. 1928. 
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Free energy ha* be-n defined as the driving force of a 
eh«®ic*l reaction. A che leal reaction ta*es place only 
until equilibrium has been reached. Free energy, then, is 
& measure of the drlvl?xg force toward the equl liter lue point 
for a certain temperature and pressure f the reaction con- 
cerned. \ positive catalyst should be ueeful, then, if a 
reaction le poseible thermodynamically . owevor, free energy 
change values do not tell how fast a poo- ible reaction will 
ta*e place. Perhaps a reaction barely poseible tber'*o- 
dynaeically eay be so ra, id that it will render one ore 
poseible and more slow, only Incidental. - a r-redictlone 
stade fr^e fre energy data eust be •nodifled, as will be 
pointed out later by equilibrium constants for the satre re- 
action. 


Free Energy Calculations 

.©cording to Lewis *nd r*a«Jall(PO) 0 the general method 
of qualitative prediction of the the. wodyn' - lc poc ibility 
of a reacti-n le el -le. "If we are interested In the 
course of some chemical r action at a certain te perature. 


(£0) Lewie and Eandall; Th rmo ynamice* page 596. cOraw- 
Hlll Book Co. mi. 
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and under certain conditions of pressure and composition, 
we flret add algebraically the equations for the free 
energies of formation of the eeveral substances, and thus 

obtain the standard change of free energy *’(for the 

came temperature at which the free energies of formation 
are u°ed) . 


If F has a negative sign, then we know that the 
reaction is thermodynamically possible. Free energy of 
formation values are calculated as shown by Lewis and 
Randal 1(21) from heat capacities of the substances concern 
ed, and from the heat of decomposition of the desired sub- 
stances. 

Thus for a given hypothetical reaction the free energy 
change can be calculated. These equations, as pointed out 
by ' Francie(2f), are often unwieldy and may be simplified 
to very nearly as accurate linear equatlons(ln the case of 
free energy of formation of hydrocarbons), 

Accordingly, various hypothetical reactions were writ- 
ten 1; this paper, and b use of the approximate rimpllfied 
equations( 23) , free energy values were calculated. 




(21) fee (20) pr>. 173-4;102-4. 

(22) Francis, Alfred I.: The Free Energies of Some Hydro- 
carbons. Ind. Fng. Chea. 20s 274. 1928. 

(23) fee (22) and also in same Journal by same author: 

The Free Energies of Some Alcohols: page 283. 



Values so calculat- i for ths free energy change of the 
formation from carbon dioxide aid hydrogen, of the follow- 
ing! methane, ethane, octane, ethylene, acetylene, methan- 
ol, j.tanol, and iso-but*nol, are plotted against absolute 
te-perature on Graph I. This graph shows the thermodynamic 
tend ncles, only, of these reactions, without relation to 
their relative speeds. Graph II , for methane, shows the 



variation of the eoulilbrium constant, with 


absolute temperature. This shows quantitatively how much 
methane should be formed over an active catalyst. 


Contact Catalysis 


Contact catalytic ay take plac between reuses or 
solutes in the presence of a solid catalyst. Since at 
moderate temperatures the reacting substances will usually 
te g*8eoue, this type is by far the most common of contact 
reactions. 

Theories atte ptlng to explain the action of contact 
catalysts include the postulate of preliminary adsorption, 
or else the formation of an intermediate compound, perhaps 
as the work of Kunsman(22) might indicate, catalytic activ- 


(22) Kuneman, as noted by Taylor in Condition of Adsorbed 
Gases. Journal of Fhyslcal Chem.: 32: 928. 1928. 
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Calculated from -&F equals RTlnK, Noyes and Sherrill: 


Macmillan Co. 1926. 


naouu j,xuui — nx. , n 

Chemical principles: page 24l. 

Values for AF on graph 1 were used. 
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Ity of this Kind may be related to thermion emission. 

Vt present It eeeee established that there if. not a 
quantitative correlation 23) between catalytic activity and 
adsorption. The work done on silica gels has seamed to 
emphasize thie fact. P. S. Taylor(24) states that adeorp- 
tlon le a condltl n precedent to catalytic change. The 
recent worke( 25 ) include <ch data on the system, carbon 
monoxide an^ hydrogen, in the presence of various catalysts. 
The work done on the system, c*rbo dioxide and hydrogen, 
in the presence of catalysts(?6) includes experimental runs 
made by Fischer, using iron 'nd pot sslue carbonate as cata- 
lyst, and by !Iaihle(27), who has publish data on the hydro 
genatl:n of carbon monoxide and carbon dioxide over nickel 


(23) Peirce and Qeorgin: Journal of Physical Che®.: 32: 1*23. 

1 29 . 

(24) Journal of Physical Chem.t 29: 924. 1924. 

(T 5) Chemical -\fcpt~acte: page 2657; July 20, l r 28. 

( Synthol) Chemical Abstracts: page 4595 1924 . 

(26) fynthetic ^ydroc rbons: Chemical \bstr-cts: pa.e 1465; 
1924. 

■ynthe’ is of ■ i $her r>ydroc<rbo -a fro* r a^ei 
Smith, Hawk, and Reynolds i J. Ind. and Ind. Chem.: 20: 
1341. 1928. 

Lewis and per K. Frollch: ynthesis of ethanol from 
Carbon f,, noxidc and Hydrogen: J. Ind. ng. Chem.: 

20: 295. 1°28. 

(27) Chemical Abstracts: page 1465; 19-4, or J. J sines vlaz.i 

48: 34-37. 1924. 
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catalysts. andall and 31rard(28) have recently ntudled 
the qui librium in the formation of methane and water vapor 
from carbon dioxide and hydrogen over a catalyst. More- 
over, abatier(29), quite a number of years ago, note the 
conversion of hydrogen and carbon dioxide into methane 
over cobalt catalysts, the inability of copper catalysts 
to do this, (30), and the great efficiency of catalytic 
nlckcK 31) in this conversion. 

PURPOSE 

The purpose of this problem was to study the effect 
of nickel and cobalt catalysts prepared in a new way on 
reactions betwe n carbon dl xlde and hydrogen. Ths usual 
method of preparing a catalyst is that of pr clpltatlon of 
the met^K or metals) Involved as hydroxides, and the sub- 
sequent dehydration by heating, followed by reduction of 
the remaining oxide. In thie work, the attempt was made 
to secure Irregular surfaces, catalytic In character, by 
the rapid electrodeposition of cobalt and nickel upon clean 
copper spirals. 


(23) rabatier and Senderens: Ann. Che®. 
1905 . 

(29) fee (3) 13^-131. 

(30) £ee (3) 1*5. 

(31) fee (3) £07. 


(8):4 S 424. 
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*vr- r»L 'zzv 

The gases used in this experimental work were com- 
aerclal carbon dioxide and commercial electrolytic hydro- 
gen. Salts used In catalyst prep ration were of the usual 
C. r. grade. 

The apparatus, in Its final form, consisted of a mixing 
tank for the reacting gases, a catalyst chamber heated by 
an encircling electric furnace unit, ap ropiate absorption 
trains to detect various compounds beside methane that might 
be formed, a partial combustion apparatus to remove hydro- 
gen, and a final combustion apparatus. 

The carbon dioxide absorption train consisted of six 
tecfc-tubec, each containing 40 percent potassium hydroxide 
to completely remove this gas from the mixture w*lch came 
from the catalyst chamber. The train (L) consisted of a 
tube of saturated bromine water, followed by a KOH tube. 

This latter should absorb any bromine carried over. The 


13 


purpoee of this train was to remove any unsaturated com- 
pounds formed. The train (*i) consisted of iodine pentoxide 
to reinove any carbon monoxide by o-idation with the liber- 
ation of iodine. The various sulfuric acid tubes /rere In 
all ca es to remove moisture or to keep out moisture. 

The partial combustion appar tus, to remove hydrogen 
by oxidation, consisted of a copper o ide spiral, prepared 
by passing oxygen over the heated spiral, in a tube heated 
by an electric furnace. 

The final combustion apparatus worked ur on the same 
principle, the copper oxide in this case beii*# heated to a 
much higher temperature. 


-vthoes 


as to the ^nipulatlon, gases we e ad*ltted under proc- 
ure fr* the cylinders Into the mixing tank ( -) thru (B) # 
their relative co ce tratlone beln- coasi ered . roportlonal 
to the differ* nee In readings in pr*s*ure on giu^e (C) as 
the p-rtlcul^-r gas was admitted. The "-e •ixturfs ranged 
about one-fourth c irbon dioxide and three- fourt hydrogen; 
the total pr ssure eing bote^n 60 and 70 pounds per square 
Inch. Valve wap then closed, \fter furnace ( had been 
heater to an approximately constant temperature, the pyrex 
catalyst tube, containing the spiral catalyst, was inserted 
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at the o oned union (E), the un on closed, and the catalyst 
allowed to attain furnace te per^ture. wondencer tube (r) 
wap t ©n ln-erte Into a lxture of lc and e-lt, the ab- 



sorption train connected, the £ s . lxt * e all:e r d to floe 
1 ito th cat Ly* t tube, and the valve t (F) opened slightly 
so is to alio* a flow of gas such that the rate of bubbling 


through the sulfuric acid tube (Q) * n abo it 20 per minute. 
/or each run thl» was allowed to continue for t *o hours. 


Valve( l) was then closed ond the pressure In the cat lyst 
tube allowed to decrease gradually u >tll sllihtly above 


atmospheric, at which point the absorption t^aln was dis- 
connected a *d the g e receiver bottle (I) stoppered and set 
aside for 1 ter analysis. The units of th© abeorptl n train 
were weighe I separately to determine any gain in weight. 
Turin* the run the copper oxide In tube (J) was kept at 
250 d* green Centigrade at which temperature hydrogen Is 
clai**d(32) to te co*pletely o ldl- nd ^ethane com letely 
unattacked . 

•he gi» collect* in t >e bottle(i) 'ae subsequently 
oxidize , any hydrocarbons present be In. converted Into 
carb *•» dlo ide and water. The l.icreasc Ul of the 


(32) fee (1) page 44l. 


Q 'R 
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sulfuric acid tube(P)a d of the XOHtube {^)(and the calcium 
chloride tube (K) )determlned respectively the weight of 
water *nd carb-* dioxide formed. By their ratio, one can 
calculate the ratio of carbon to hydrogen, and here fore, 
t-*e com oc it Ion of the particular hydrocarbon, unlesrthe 
gas contains a mixture of them, when this value will only 
represent an average. 

Catlyst Preparation 

the nickel and cobalt catalysts were prepared by dis- 
solving the bivalent chlorides in concentrated C. P. asm* 
onium hydroxide and ruspendlng in this solution a clean 
cop er spiral, the anode being in all cases a platinum 
wire sealed through a glass tube with mercury for contact. 
Electroplating was carried out about four hours per catalyst 
with an aoperage of about .8 and voltage between 3 and4. 

The reason for uel n* the above method was that the 
usu*l methods of reclpltation quite usually involve some 
adsorption of ions by colloidal articles, and long heating 
is ncc eaary in attempting to volatilize impurities. High 
temocr*tur*s ^eem to decrease catalytic activity. It wae 
hop- , t* erefore, that by electroplating out pure metals, 
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the metal vvonl be t car- In a fine state of division, 
an could be ac lvit:d(oxidl ea «nd reduced) readily. 

The method worked and the catalytic surfaces sere obtained 
The activation temperatures sere about 300 d grees, and 
ti e of oxidation ten minutes, nd of reduction 20 minut- 
es. The catalysts, following reduction, were cooled In 
hydrogen to prevent oxidation. 

The gae mixturee collected in bottle (I) w.re analyz- 
ed as noted under apparatus. The method of determination 
of composition w^s by the combustion 4 th copper oxide. 

The increase in weight of the KOH train »a taken as ap- 
proximate to the amount of carbon dioxide passed thru per 
run; percent of methane was calculated from the increase 
in weight of the KOH tube ( O and the increase in the 
weight of the KOH train. 
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: ue to the detection of a sulfide on one of the cata- 
lyote , It .T 1 ’ olscovercd that the robber gasket (T), had 
apparently b come heated to such an extent ae to react with 
hydrogen and fora hydrogen eulflde, which is a violent 
poison for metallic cat lyets of the type studied. Thie 
probably almost completely poisoned the various catalysts. 
The results therefore probably represent a very small part 
of the activity of the?e catalysts. It ap ears that cobalt 
is mor activ than nickel, and therefore the more earily 
poironed. The persletent gal t In weiwht of the bromine 
tubes indicates une^turated compounds. It is worth of 
note that the activity of the nickel catalyst was reduced 
►hen oxidized and reduced a second and a fch rd time, 

epw\'?ry 

Catalysts of the active metal tyoe have been prepared 
in a ne way— that of electrode. orltlon — and t' e studies 
In icate activity. Hydrocarbons, believed to be methane, 
were forme by the reaction of carbon dioxide and hydrogen, 
and there Is Indication of the formation of unsaturted 
compounds. 



